The family background
Rod's family were farmers in South Australia. All 16 of his great-great-grandparents emigrated from England in the mid 1800s, and settled to the hard life of farming in the outback.
Rod loved the open-air life, and often returned for a working vacation at the family farm at Grace Plains, near Balaklava, north of Adelaide. Although thinly spread, the local community was strongly cohesive, with social life centred on the Bible Christian Church. Rod was a local preacher from the early age of 16, and continued as a local preacher in the Methodist Church when he moved to England.
Rod met his wife Beth Treasure during his university years at Adelaide. They discovered that they had similar family histories, not only in farming but also in origins in England; in the early nineteenth century their forebears were on farms not far apart on the Wiltshire and Somerset borders, their parents were outback farmers and Beth shared a similar religious background. Beth qualified as a teacher in Australia, and in England she progressed from starting her own small nursery school to teaching at Macclesfield High School and becoming Deputy Head of Wilmslow County High School. She became a local preacher at Wilmslow Methodist Church. Rod and Beth had four children, Warwick and Rosalyn, who were educated at Oxford, and Claire and Stewart, who were educated at Cambridge.
Early career
From his non-academic background, Rod won a scholarship to the University of Adelaide, obtaining a degree in Physics in 1951 and subsequently a Master of Science degree in 1953. One of his examiners was L. G. H. Huxley (later Sir Leonard), recently returned from a distinguished career in the UK, who may have inspired Rod to join J. L. Pawsey (FRS 1954) in the new subject of radio astronomy at the Radiophysics Division of the Commonwealth Scientific and Industrial Research Organisation (CSIRO) in Sydney. Rod found himself working with W. N. Christiansen, helping construct the interferometer array at Potts Hill. This was the forerunner of the Mills Cross arrays, and was the first instrument to provide regular high-resolution maps of solar radio emission. Pawsey, who knew Bernard Lovell (FRS 1955) well, then suggested that Rod should join Lovell at Jodrell Bank at the start of observations with the standard space between numbers and unit 'ft' Mk I radio telescope, then under construction. He was appointed Assistant Lecturer at the University of Manchester in 1953 and was awarded a PhD in that university in 1956. Apart from a one-year visiting appointment in 1963 at CSIRO in Sydney, during which he was engaged in studies with the radio telescopes at Parkes, New South Wales, he remained at Jodrell Bank Observatory throughout the rest of his very productive research career.
Rod worked on, and in many cases pioneered, new fields of radio astronomy throughout his career. His expertise spanned designing, building and operating experiments, and working with technicians and engineers as much as analysing data and developing new ideas. His early work in Sydney was on radio observations of the Sun. In 1951, while Rod was with CSIRO, the 21 cm spectral line from neutral hydrogen (HI) in the Milky Way galaxy was discovered. As soon as he arrived at Jodrell Bank, he joined a small team assembling a receiver for a 30 ft paraboloid retrieved from military use in World War II, and started a series of observations of the spectral line. Within a year, he had published with D. R. W.
Williams (1)* a method for the determination of the distance of radio sources by observing the absorption spectra arising from hydrogen clouds lying along the lines of sight between the sources and the Earth. This was the first method available for measuring distances to radio sources and is widely used to this day using spectral lines from many interstellar molecules. It was the first of Rod's many contributions to the understanding of the structure of our galaxy. He made the first measurements of the magnetic field of the galaxy, as well as some of the earliest measurements of radio recombination lines from the interstellar gas in our galaxy. With Williams (3) he later used the annual variation of Doppler shift in the absorption lines to obtain a value for the astronomical unit (AU), the radius of the Earth's orbit around the Sun. This measurement helped to resolve a discrepancy between the optical and radar-based determinations.
The structure of galaxies
Observations of the 21 cm line in the Milky Way galaxy soon revealed the dynamical nature of its large-scale structure, as well as the dynamics of smaller structures within the galaxy, such as individual interstellar clouds and galactic clusters. Rod and his burgeoning spectral-line group were involved in all these developments. For instance, his paper with R. J. Cohen (12) established the geometry of a family of expanding concentric arms extending to 4 kpc from the centre of the galaxy, with tangential velocities of up to 200 km s −1 . Studies of the structure and physics of the interstellar medium of the galaxy were an enduring thread of his group's work. Several papers were devoted to the measurements of the recombination lines of neutral hydrogen and established new physical parameters for ionized hydrogen regions, implying electron gas temperatures of 4000-7000 K, rather than temperatures in excess of 10 000 K derived from optical studies (9). Another important area of research involved pioneering measurements of the line emission from the hydroxyl radical (OH). For instance, observations of the structures of four OH sources provided evidence for the expansion of the containing interstellar clouds (11) . Long-baseline interferometric measurements of the OH sources were of special significance, since they implied brightness temperatures of 10 12 -10 14 K, stimulating the belief that the emission was generated in cosmic maser processes (10) . Rod also made use of the Zeeman effect, studying the frequency shift of different hands of circular polarization in the spectral lines of neutral hydrogen and OH in interstellar clouds. These measurements were technically challenging, but showed the presence of weak 3-18 microgauss magnetic fields in hydrogen clouds (4) and stronger fields of a few milligauss in compact OH clouds (10) .
The developing observational techniques led to a very fruitful programme delineating the spiral structure of other galaxies, especially after the completion of the 250 ft (78 m) Mk I telescope in 1957 with its much higher spatial resolution (figure 1). This important work is illustrated in the two papers with his research student Gottesman in 1970 (5, 6), which describe how they resolved the major spiral arms of Messier 31 (M31) and demonstrated the co-location of neutral hydrogen with young stars and H II regions. From a study of the kinematics of this galaxy, they were able to derive the mass distribution and its total mass. Furthermore, observations of high-velocity clouds of neutral hydrogen (e.g. (8)) and of the Magellanic stream demonstrated the ubiquitous nature of hydrogen as well as the gravitational interactions within the Local Group of galaxies, which included M31, M33 and the Magellanic Clouds (e.g. (13)). The extra resolution of the telescope also allowed studies to be extended to measure the dynamics, the total masses and the mass distributions of many more distant galaxies, such as SBc spirals (18, 20) and dwarf galaxies (23). In addition, he demonstrated that the main galaxies in groups of galaxies, such as the M81/M82 group (15) and the NGC 1023 group (14), are embedded in extended envelopes of neutral hydrogen.
Rod and his team grasped the opportunities offered by the increasing angular resolution provided by interferometers and aperture synthesis telescopes, notably the Very Large Array (used for example by Pedlar et al. (22) to map the structure of NGC 1275), and especially MERLIN, which was developed at Jodrell Bank during his directorship.
Observing more distant galaxies, and particularly searching for absorption in hydrogen in the extended lines of sight in intergalactic space, opened up the prospect of exploring the evolutionary history of the Universe. In his early days, Rod had been inspired by FRS Fred Hoyle's broadcast talks, The nature of the Universe, and he now saw the opportunities presented by the redshifted hydrogen line. Discussions with Hoyle when he was appointed to a Visiting Professorship in the Manchester Physics Department, after he left Cambridge in 1972, led to determined efforts towards observational cosmology. The very active and worldleading cosmology group currently at the University of Manchester can trace its formation from these early days.
The cosmic microwave background
By the 1970s the field of cosmology was gaining a lot of attention, particularly due to the discovery of the cosmic microwave background (CMB) in 1965 by Penzias and Wilson. Rod was already reaching into the distant Universe by attempting to detect distant galaxies at a redshift of 2.31 (7), realizing later that the signal was an order of magnitude below what was detectable at that time. He was also measuring distant galaxies (velocity approx. 6000 km s −1 ), looking for departures from the Hubble flow (e.g. (16, 21) ). He was clearly thinking about bigger things.
Rod started considering how he could use the Jodrell Bank telescopes to place limits on, and ultimately detect, the fluctuations in the CMB. As CMB measurements began to place limits on anisotropies during the 1970s and 1980s, new theories emerged to explain the low amplitude. At the time, anisotropies were expected to be at a level of 1 part in 10 000 or lower, i.e. at or below 1 mK. This was clearly a formidable task, but that did not deter Rod-he made it his challenge to make the detection through the 1980s. He made a series of measurements, starting with 'wagging' observations using the 25 m Mk II telescope at Jodrell Bank, equipped with a cryogenically cooled receiver operating at a frequency of 5 GHz. The development of sensitive, broadband radio/microwave receivers was critical to these experiments; this was later to become a major area of research for Jodrell Bank and the UK involvement in the Planck satellite.
The initial results were among the best available at the time (17) (figure 2). However, it was quickly realized that the main limitation was the water vapour in the atmosphere, which added noise into the data (particularly in rainy Manchester!). Rod began looking for better sites and collaborators. One of the best sites in the world, which happened to be relatively accessible, was that of the Canary Islands. Rod visited La Palma and Tenerife and made an agreement with the Instituto de Astrofisica de Canarias (IAC) on Tenerife, to collaborate and use the Izana site, near El Teide. At an altitude of 2400 m, it spends much of the year above the majority of the atmospheric water vapour, allowing a clear view of the Universe. Throughout the 1980s, Jodrell Bank installed several 'wagging' (beam-switching) experiments at 10 and 15 GHz (25) (figure 3) and later a two-element interferometer operating at 33 GHz (27). These were very successful and yielded competitive limits on CMB anisotropies throughout the late 1980s and 1990s. The Tenerife experiments, and Jodrell Bank, were now big players in cosmology.
Many leading groups took up the challenge to try to detect the CMB anisotropies, which were known to be there at some level (otherwise galaxies would have never have formed fast enough). The first official detection of CMB fluctuations by Smoot came in 1992 from NASA's COBE satellite. Further detections soon came, including with the Tenerife equipment (24). It is interesting to look back and notice that the earlier Tenerife measurements were extremely close to making the first detection (19) and the actual detection could have been published earlier (it took more than two years to be published), perhaps resulting in a Nobel Prize?
Rod was also interested in the galactic synchrotron emission, which was a problematic foreground contaminant, and he published a number of important works in this area (e.g. (26, 28, 30, 33)), which would become his main research focus during his so-called retirement.
The Tenerife experiments led to several other successful experiments, including the COSMOSOMAS experiments (led by the IAC), the Very Small Array (VSA) interferometer (in collaboration with the IAC and University of Cambridge), which was used to measure the (32) . All these instruments relied on careful design of the detectors and optics to allow the detection of very weak signals. Jodrell Bank became a world leader in the design and construction of the sensitive broadband radio receivers at frequencies of tens of gigahertz.
In the early 1990s, a number of European groups were considering proposing a nextgeneration CMB satellite that could measure the CMB power spectrum with unprecedented accuracy. Two concepts were being considered, one at frequencies up to about 100 GHz (COBRAS) led from Italy, and another operating above 100 GHz (SAMBAS) led from France. Rod was firmly in the COBRAS camp and was instrumental in developing the concept, utilizing the receiver development which he had initiated at Jodrell Bank. A key meeting was held in 1997 on Tenerife, organized by Rod (figure 4), which was the first of many such meetings. In the end, the two concepts were merged to form the single Planck mission, which was accepted by the European Space Agency in 1997 and eventually launched from French Guiana in 2009.
From then on, Planck became an obsession for Rod. Jodrell Bank was responsible for the construction of the front end modules (FEMs), which housed the first low noise amplifier (LNA), for the two lowest frequency channels (30 and 44 GHz) of the low frequency instrument (LFI) aboard Planck. Rod formally retired in 1997 and handed over this important project to Dr Richard Davis OBE and Dr Althea Wilkinson. Instead, he turned his attention to the science that could come from the Planck data. Although the main goal was to measure cosmological parameters via the CMB power spectrum, Rod was just as interested in the astrophysics of the radiation being detected, particularly from the interstellar medium in our own galaxy. This was a major area of research for Rod, spanning over four decades since his PhD work (2). His expertise on diffuse galactic emission was further cemented through the Tenerife data, which led to him becoming the leader of 'Working Group 7' (WG7), which oversaw the programme of Galactic and Solar System Science, alongside Dr Martin Giard from Toulouse (they would later become very close friends). Clive Dickinson, who returned to Manchester from Caltech, later took over this leadership role, on Rod's strong recommendation.
For over a decade, Rod was seen as the leader of WG7, which hosted numerous meetings across the world for the 160-strong team of scientists with diverse backgrounds. Planck was a major success for cosmology, which Rod was very proud to be part of. However, it was the additional science, such as the astrophysics of the several different and confusing sources of radiation, of which Rod was especially proud. His last paper was indeed a detailed study of the diffuse emission from the galactic plane as seen by Planck (33). He, along with numerous students, contributed to several studies. In particular, Manchester became known for the mysterious so-called 'anomalous microwave emission' (AME), which is now thought to be due to spinning dust grains (31). There has been significant controversy about both the reality of AME and whether it was due to an unknown form of radiation. Rod was key to both the Rod was a keen gardener and was a beekeeper. (Online version in colour.) realization of AME (e.g. (28, 30)) and the interpretation that it was due to spinning dust grains in the interstellar medium (e.g. (31)).
Hobbies
Rod had many hobbies, which kept him very busy outside of astronomy. His main hobby was simply his family-his wife Beth (figure 5), his extended family back in Australia, and of course his growing family of children, grandchildren and great-grandchildren. Yet, he still found time to look after his gardens (in Wilmslow and also in the Lake District), his bees (which unfortunately died in the early 2010s, a time of widespread loss of bee colonies across the UK) and attend the Rotary club (particularly when helping local organizations and supporting worthwhile charities). He was a keen cricketer, frequently joining Lovell at Chelford Cricket Club. Rod was always known for his gentle and friendly personality; human qualities were as important for him as excellence in science, and he was an inspiration and a role model for the many young scientists who worked with him. His faith was a major part of his life, and he regularly attended church and related events. Rod never appeared to have any issues with reconciling science and religion. He clearly believed that both had a place in the world.
Awards and honours
The following are just a few of the honours that were awarded to Rod. 
